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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device which suppresses an adjacent short 
circuit from being generated due to the constituting 
materials of line patterns, although the constituting 
materials of line patterns are scattered at the time of 
cutting the line patterns provided for inspection after 
the completion of the inspection with a laser beam. 
SOLUTION: Inspecting wiring 8a for wiring a scanning 
signal formed in the outside of a liquid crystal screen 
area and scanning signal wirings are connected through 
line patterns 9a, and similarly, inspecting wirings 8b for 
wiring a video signal and video signal wirings are 
connected through line patterns 9b and after the 
inspection of a liquid crystal display device is performed 
by utilizing inspecting electrode terminals, the line 
patterns 9a, 9b are cut by being irradiated with a laser 
beam, however, this device is constituted so that narrow 
width parts 9a1, 9b1 are formed beforehand at the line 
patterns 9a, 9b and the cuttings are performed at these 
narrow width parts 9a1, 9b1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal display with which some line patterns [ at least ] which connect the 
signal wiring for a display and checking wiring are formed in the line pattern of a narrow width 
from the aforementioned signal wiring, and each line pattern is separated in the narrow width 
portion. 

[Claim 2] The checking wiring for video-signal wiring and the checking wiring for scanning signal 
wiring are formed in the outside of a liquid crystal screen area. Video-signal wiring and the 
checking wiring for video-signal wiring are connected through a line pattern. Scanning signal 
wiring and the checking wiring for scanning signal wiring are connected through a line pattern. 
One of line patterns [ at least / some ] is formed in the line pattern of a narrow width from 
signal wiring at least among the line pattern by the side of the aforementioned video-signal 
wiring, and the line pattern by the side of scanning signal wiring. It is the liquid crystal display 
which each line patterns of both are separated by the middle, and is separated in the narrow 
width portion about the line pattern which has a narrow width portion. 

[Claim 3] The liquid crystal display according to claim 1 or 2 whose separation of the narrow 
width portion of a line pattern is cutting by laser beam irradiation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is concerned with an active-matrix 
type liquid crystal display, and relates to the technology of inspection of the display quality in 
manufacture process especially. 
[0002] 

[Description of the Prior Art] Drawing 3 shows the composition of the active-matrix substrate of 
a liquid crystal display. The scanning signal wiring which 1 of a sign met the glass substrate on 
the glass substrate 1, and 2 met the longitudinal direction, and was formed in drawing 3 , The 
video-signal wiring of R, G, and B with which two or more 3 was formed along with lengthwise on 
the glass substrate 1, The pixel electrode by which 4 was formed on the glass substrate 1 
through the TFT (TFT; illustration ellipsis) connected to both wiring 2 and 3 corresponding to the 
liquid crystal cell of each of the positions where those wiring 2 and 3 crosses, The rectangular 
liquid crystal screen area where 5 consists of many pixel electrode 4 groups, the gate mounting 
electrode field where 6 has been arranged on a glass substrate 1, and 7 are source mounting 
electrode fields arranged on a glass substrate 1. 

[0003] At the manufacturing process of such an active-matrix substrate of a liquid crystal 
display, a defect may occur by various causes, such as element destruction by the abnormalities 
in patterning by dust, static electricity, etc. It is indispensable not to take out a poor panel 
because of curtailment of cost, and the improvement in productivity. Therefore, it is made to 
inspect by contacting a checking probe electrode to the total of the electrode mounted in the 
LSI driver for a liquid crystal drive in a manufacturing process. However, highly minute-ization is 
progressing for improvement in display grace, and it is in the inclination which the number of 
pixels increases, and the mounting electrode spacing of the LSI driver for a liquid crystal drive 
becomes narrow, and the contact interval of the checking probe electrode for inspecting multiple 
times in manufacture process is also narrow in recent years. Every considering [ of video-signal 
wiring or scanning signal wiring ] a probe electrode as the composition which contacts as the 
result comes to bring about difficulty, such as a jump of the production costs, long-time-izing of 
a production period, and the stability of contact of a probe electrode, maintenance of a probe 
electrode. In the case of the liquid crystal display using the chip-on glass (COG) method which 
mounts the LSI driver for a liquid crystal drive directly on a glass substrate 1 especially, the 
direct contact to an electrode pad is impossible. Therefore, although development of a new 
checking probe is needed, to be able to inspect with suppression of development costs, 
shortening of a development cycle, a simple signal, and a simple probe is desired. 
[0004] Then, the simple-test method which came to be adopted is further explained in recent 
years using drawing 3 . The checking wiring for scanning signal wiring with which 8a of a sign was 
formed on the glass substrate 1 on the outside of the liquid crystal screen area 5 lengthwise, 
The checking wiring for [ each ] video-signal wiring R, G, and B by which 8b was formed at the 
longitudinal direction on the glass substrate 1 in the outside of the liquid crystal screen area 5 - 
- The line pattern formed on the glass substrate 1 in order that 9a might connect checking 
wiring 8a each scanning signal wiring 2 and for scanning signal wiring, The checking electrode 



terminal by which 10a was formed at the edge of checking wiring 8a for scanning signal wiring on 
the glass substrate 1, The line pattern formed on the glass substrate 1 in order that 9b might 
connect checking wiring 8b each video-signal wiring 3 and for each video-signal wiring, The 
checking electrode terminal by which 10b was formed on the glass substrate 1 at the edge of 
checking wiring 8b for each video-signal wiring, and 11a and 11b are each connection. Expansion 
of a portion is shown in drawing 4 (a) and (b). 

[0005] A checking probe is stood to the checking electrode terminals 10a and 10b, the checking 
signal 12 is supplied, a liquid crystal display is inspected, and a quality is judged. Then, about the 
excellent article, as shown in drawing 5 (a) and (b), in the straight-line-like cutting fields 13a and 
13b, irradiation of a laser beam cut line pattern 9b which has connected line pattern 9a, and each 
video-signal wiring 3 and checking wiring 8b which has connected each scanning signal wiring 2 
and checking wiring 8a on the outside of the liquid crystal screen area 5, respectively, and the 
last gestalt of a liquid crystal display has been acquired. When cutting each line patterns 9a and 
9b by the laser beam, the line pattern 9a group currently formed by the repeat and 9b groups 
begin, and even the end of a shell is cut at a stretch continuously. 
[0006] 

[Problem(s) to be Solved by the Invention] There are the following troubles in the above- 
mentioned Prior art Although the line patterns 9a and 9b are formed by [TO of high resistance 
etc. like the pixel electrode 4 When cutting this line pattern by the laser beam, as shown in 
drawing 5 (a) and (b), the line pattern component 14 scatters. It adheres over line pattern 9a 
which the line pattern component 14 which scattered adjoins, and 9 a, and it adheres over 
adjoining line pattern 9b and 9 b, and becomes contiguity short-circuit, respectively. The process 
which cuts the line patterns 9a and 9b by the laser beam is the very end, and pixel display 
inspection which used the checking electrode terminals 10a and 10b before it is ended. 
Therefore, the contiguity short-circuit resulting from the line pattern component 14 which 
scattered is not discovered. As the result, the problem that a poor display occurs is in the 
portion to which a liquid crystal display corresponds. 

[0007] this invention is originated to aim at solution of the above-mentioned technical problem, 
and it aims at offering an effective liquid crystal display, when losing the contiguity short-circuit 
accompanying separation of a line pattern. 
[0008] 

[Means for Solving the Problem] in this invention in connection with the inspection technology of 
a liquid crystal display, it inspects by facing forming the line pattern for connecting the signal 
wiring for a display to checking wiring, and forming a part or the whole of the line pattern in the 
state of width of face thinner than signal wiring Although it faces separating checking wiring from 
signal wiring and separation with a line pattern is performed after inspection is completed, in the 
narrow width portion of a line pattern, it has dissociated in this case. Since it has separated into 
separating a line pattern in the narrow width portion, the amount in which the line pattern 
component accompanying separation scatters becomes less than the case of a Prior art. 
Moreover, the contiguity interval of a narrow width portion is larger than the contiguity interval in 
the case of being a Prior art without a narrow width portion. Contiguity short-circuit is 
suppressed by multiplication with an amount's decreasing and a contiguity interval becoming 
large. 
[0009] 

[Embodiments of the Invention] Some line patterns [ at least ] which connect the signal wiring 
for a display and checking wiring are formed in the line pattern of a narrow width from signal 
wiring, and the liquid crystal display of the claim 1 in connection with this invention has the 
composition that each line pattern is separated in the narrow width portion. While extending a 
contiguity interval, contiguity short-circuit is suppressed by multiplication of having lessened the 
amount of scattering of a line pattern component 

[0010] The liquid crystal display of the claim 2 in connection with this invention is equivalent to 
what expressed the composition of a claim 1 on concrete level more. It has the following 
composition. Namely, it is premised on the composition that the checking wiring for video-signal 
wiring and the checking wiring for scanning signal wiring are formed in the outside of a liquid 



crystal screen area, video-signal wiring and the checking wiring for video-signal wiring are 
connected through a line pattern, and scanning signal wiring and the checking wiring for scanning 
signal wiring are connected through a line pattern. Although it is not necessary by making into a 
decision criterion whether for the contiguity interval to be narrow below at the predetermined 
value to take especially measures paying attention to the contiguity interval of video-signal 
wiring, and the contiguity interval of scanning signal wiring when larger than a predetermined 
value, when having become below the predetermined value, a part or the whole of a line pattern 
connected with it is formed in the line pattern of a narrow width from signal wiring. That is, as for 
the time of below a predetermined value, also as for the contiguity interval of video-signal wiring, 
both the contiguity intervals of scanning signal wiring also form the part or whole in the line 
pattern of a narrow width from each signal wiring about the both sides of the line pattern which 
leads to the line pattern and scanning signal wiring which lead to video-signal wiring. Moreover, 
the part or whole is formed in the line pattern of a narrow width from video-signal wiring only 
about the line pattern which leads to video-signal wiring only about video-signal wiring when the 
contiguity interval is below a predetermined value. Moreover, the part or whole is formed in the 
line pattern of a narrow width from scanning signal wiring only about the line pattern which leads 
to scanning signal wiring only about scanning signal wiring when the contiguity interval is below a 
predetermined value. And although it dissociates in each line pattern in order to separate 
electrically and physically video-signal wiring, and scanning signal wiring and each checking wiring 
after inspection, about a line pattern with a narrow width portion, it is made the composition of 
having dissociated in the narrow width portion, since it has separated into separating a line 
pattern in the narrow width portion, while becoming less than the case where the amount of 
scattering of the line pattern component accompanying separation is a Prior art, contiguity 
short-circuit is suppressed in multiplication from it being larger than a contiguity interval in case 
the contiguity interval of a narrow width portion is a Prior art without a narrow width portion — 
it becomes especially 

[001 1] As for the liquid crystal display of the claim 3 in connection with this invention, the 
narrow width portion of a line pattern is cut by laser beam irradiation in the above-mentioned 
claims 1 and 2. The amount of scattering of the line pattern component which disperses with 
cutting by laser beam irradiation is stopped, and contiguity short-circuit is suppressed. 
[0012] Hereafter, the gestalt of concrete operation of the liquid crystal display in connection 
with this invention is explained in detail based on a drawing. The composition of the liquid crystal 
display shown in drawing 3 is applied also with the gestalt of this operation. Drawing 3 is the plan 
showing the composition of the outline of the active-matrix substrate of a liquid crystal display. 
R, G, and B which met on the glass substrate 1 lengthwise with two or more scanning signal 
wiring 2 in alignment with the longitudinal direction — the TFT (TFT; illustration ellipsis) 
connected to the pixel electrode 4 corresponding to a liquid crystal cell and its pixel electrode 4 
of each of of the position where each video-signal wiring 3 of two or more and those wiring 2 
and 3 cross is formed The rectangular liquid crystal screen area 5 consists of many pixel 
electrode 4 groups. The scanning signal wiring 2 is connected to the gate electrode of each TFT, 
and the video-signal wiring 3 is connected to the source electrode of each TFT. Each scanning 
signal wiring 2 is connected to the scanning signal driver of LSI for a liquid crystal drive through 
the gate mounting electrode field 6 arranged on a glass substrate 1. Moreover, each video-signal 
wiring 3 is connected to the video-signal driver of LSI for a liquid crystal drive through the 
source mounting electrode field 7 arranged on a glass substrate 1. Although constituted by the 
chip-on glass (COG) type which mounts the LSI driver for a liquid crystal drive directly on a 
glass substrate 1, even if this liquid crystal display is other types, it is the same composition. 
The scanning signal wiring 2 and the video-signal wiring 3 are formed with aluminum system 
metal which made aluminum or aluminum of the low resistance metal for example, whose sheet 
resistance (resistance of 1cm angle) is 0.2ohms / ** grade contain refractory metals, such as 
about 3% of Ta (tantalum), and Ti (titanium), and the pixel electrode 4 is formed by the 
transparent electric conduction film (ITO:Indium Tin Oxide; indium oxide tin). 

[0013] It is difficult to contact a checking probe electrode to the narrow scanning signal wiring 2 
and the video-signal wiring 3 of a contiguity interval directly in inspection in the manufacture 



process of a liquid crystal display. Then, while forming checking wiring 8a common to each 
scanning signal wiring 2 on a glass substrate 1 on the outside of the liquid crystal screen area 5 
lengthwise It is alike, respectively and common checking wiring 8b is formed in 3 longitudinal 
directions, the video-signal wiring 3 of each R, and G and B — Checking wiring 8a each scanning 
signal wiring 2 and for scanning signal wiring is connected through line pattern 9a. While forming 
checking electrode-terminal 10a for contacting a checking probe electrode in the edge of 
checking wiring 8a for scanning signal wiring Checking wiring 8b each video-signal wiring 3 of R, 
G, and B and for video-signal wiring is connected through line pattern 9b, and checking 
electrode-terminal 10b is formed in the edge of checking wiring 8b for video-signal wiring. 11a 
and 11b are the connections of each signal wiring 2 and 3 and the line patterns 9a and 9b. The 
line patterns 9a and 9b are formed by ITO like the pixel electrode 4, in order to give the 
resistance beyond a predetermined value. The checking wiring 8a and 8b, the line patterns 9a 
and 9b, and the checking electrode terminals 10a and 10b are formed using membrane formation 
technology, photolithography technology, and etching technology. 

[0014] The gestalt of this operation has given the following devices in formation of the line 
patterns 9a and 9b. Drawing 1 explains it. Drawing 1 (a) shows the surrounding composition of 
connection 11a of checking wiring 8a for scanning signal wiring, and line pattern 9a, and drawing 
1 (b) shows the surrounding composition of connection 1 1b of checking wiring 8b for video-signal 
wiring, and line pattern 9b. In view of the contiguity interval of line pattern 9a by the side of 
scanning signal wiring being narrow below at the predetermined value, the fixed length range is 
covered from connection 11a with checking wiring 8a, and it is the narrow width portion nine a1 
in a part of line pattern 9a. The narrow width portion nine a1 which adjoins as nothing and an 
arrow show, and nine a1 The contiguity interval is extended. Moreover, in view of the contiguity 
interval of line pattern 9b by the side of video-signal wiring being narrow below at the 
predetermined value, the fixed length range is covered from connection 11b with checking wiring 
8b, and it is the narrow width portion nine b1 in a part of line pattern 9b. The narrow width 
portion nine b1 which adjoins as nothing and an arrow show, and nine b1 The contiguity interval 
is extended. And as cutting fields 13a and 13b by the laser beam after inspection is completed, it 
is each narrow width portion nine a1 and nine b1. It is set up so that a center section may be 
mostly crossed perpendicularly to the length direction. 

[0015] The same with having explained the Prior art, a checking probe is stood to the checking 
electrode terminals 10a and 10b, the checking signal 12 is supplied, a liquid crystal display is 
inspected, and a quality is judged. Then, about an excellent article, as shown in drawing 2 (a) and 
(b), irradiation of the laser beam in the cutting fields 13a and 13b cuts line pattern 9b which has 
connected line pattern 9a, and each video-signal wiring 3 and checking wiring 8b which has 
connected each scanning signal wiring 2 and checking wiring 8a on the outside of the liquid 
crystal screen area 5, respectively, and the last gestalt of a liquid crystal display is acquired. In 
this case, narrow width portion nine a1 currently formed by the repeat by scanning a laser beam 
along with cutting field 13a A group begins most, and it cuts at a stretch continuously to the end 
of a shell, and is the narrow width portion nine b1. Although similarly cut about a group As shown 
in drawing 2 at this time, even if the line pattern components 14, such as ITO (Indium Tin Oxide; 
indium oxide tin) which constitutes the line patterns 9a and 9b, scatter the portion cut by the 
laser beam — the narrow width portion nine a1 and nine b1 There are few amounts which 
scatter from things, it is — And the adjoinin^jnarrow width portion nine a1 and nine a1 The 
interval and the adjoining narrow width portion nine b1 of a between, and nine b1 The interval 
whose interval of a between is between line pattern 9a adjoined other than a narrow width 
portion, and 9a, The narrow width portion nine a1 which the line pattern component 14 which 
scattered adjoins from it being larger than the interval between adjoining line pattern 9b and 9b, 
nine a1, nine b1, and nine b1 It can suppress causing contiguity short-circuit. 
[0016] In addition, when only line pattern 9a of connection with checking wiring 8a for scanning 
signal wiring is narrow [ to below a predetermined value ] about the contiguity interval of a line 
pattern and, as for the direction of line pattern 9b of connection with checking wiring 8b for 
video-signal wiring, the contiguity interval is large exceeding the predetermined value, it is the 
narrow width portion nine a1 only about line pattern 9a by the side of scanning signal wiring. It 



shall form. Moreover, when only line pattern 9b of connection with checking wiring 8b for video- 
signal wiring is narrow [ to below a predetermined value ] about the contiguity interval of a line 
pattern conversely and, as for the direction of line pattern 9a by the side of scanning signal 
wiring, the contiguity interval is large exceeding the predetermined value, it is the narrow width 
portion nine b1 only about line pattern 9b by the side of video-signal wiring. It shall form. 
[0017] Moreover, it is not some line patterns 9a and 9b, and is good also considering the overall- 
length range as a line pattern of a narrow width smaller than the width of face of the scanning 
signal wiring 2 or the video-signal wiring 3. A portion to the narrow width portion nine a1 which 
leads to the checking wiring 8a and 8b like the gestalt of the above-mentioned operation when 
making some line patterns 9a and 9b into a narrow width, and nine b1 It may replace with forming 
and a narrow width portion may be formed in the portion which is separated from the checking 
wiring 8a and 8b. Moreover, the narrow width portion nine a1 and nine b1 It may replace with 
preparing in the center of the cross direction of the line patterns 9a and 9b, and you may 
constitute so that it may prepare on the extension wire of the unilateral side of the line patterns 
9a and 9b. 

[0018] moreover, about separation of the line patterns 9a and 9b, it is based on a squeegee 
besides cutting by laser beam irradiation — shaving off — etc. — ****** . **** of the glass 
substrate 1 in the state of furthermore removing the checking wiring 8a and 8b is sufficient. 
[0019] 

[Effect of the Invention] According to this invention, after inspection is completed, it has 
separated into separating checking wiring from signal wiring in the narrow width portion, and by 
multiplication with expanding the contiguity interval of lessening the amount of scattering of the 
line pattern component accompanying separation, and a narrow width portion, even if scattering 
of the line pattern component accompanying the separation in cutting for example, by laser beam 
irradiation etc. arises, contiguity short-circuit can be suppressed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The expansion plan of the important section of the active-matrix substrate of the 
liquid crystal display in connection with the gestalt of operation of this invention 
[Drawing 2] The expansion plan of an important section showing the state where the liquid 
crystal display in connection with the gestalt of operation cut the line pattern in the narrow 
width portion after the inspection end 

[Drawing 3] It is common to the gestalt of operation and Prior art in connection with this 
invention, and is the rough plan of the active-matrix substrate of a liquid crystal display. 
[Drawing 4] Some expansion plans of the active-matrix substrate of the liquid crystal display in 
connection with a Prior art 

[Drawing 5] Some expansion plans showing the state where the liquid crystal display in 
connection with a Prior art cut the line pattern after the inspection end 
[Description of Notations] 

1 Glass substrate 2 ... Scanning signal wiring 

3 Video-signal wiring 4 ... Pixel electrode 

5 Liquid crystal screen area 6 ... Gate mounting electrode field 

7 Source mounting electrode field 

8a .... Checking wiring by the side of scanning signal wiring 
8b .... Checking wiring by the side of video-signal wiring 

9a .... Line pattern by the side of scanning signal wiring Nine a1 — Narrow width portion 

9b .... Line pattern by the side of video-signal wiring Nine b1 — Narrow width portion 

10a .... Checking electrode terminal by the side of scanning signal wiring 

10b .... Checking electrode terminal by the side of video-signal wiring 

13a .... Cutting field of the line pattern by the side of scanning signal wiring 

13b .... Cutting field of the line pattern by the side of video-signal wiring 

1 4 Line pattern component 
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mmn&xftmzhx^zb^ommztt^x^Zo m 

[ooio] #flWc^;bS!S*if 2 offlUtvl&fll 
ictB^-rSo Ztitt&nSiotm&.btiiX^. i-H 

^ffliB«6i^7-f ^f-^zirvxigmztizb^ 



4 

fg-§-|BiSfttco^^ 3 7 -< V/n°^ - ^ro3?*fco^T ^ (O 

4>'<&->K<>^x<Dtt<D—&$.itte±fc%yt&m 

«m-§-iBi»*5 j; t &&gfflian i 

frmi-?><OX-3b5&, mmu^hoy^^-f-^K 

oi^-cis, ztDmmtoftxftmi'tcb^^mmz.-rzo 

[ooii] #*wfca»a»fraR#*3©ifc&£*§s« 
. ^— ?—%w%\z.£.*)®mztix\i^h<oxib 

30 5 0 

[0 0 12] «T, *38M»cd»*»*>5»ta**S61lo* 
fcR, G, B J t*b-Pix©*»©lMkfll*IBi»3i:, 

<boga^2, 3 *s^i-5tte©-o-o(o?fles-fe/u^ 

40 ib7^;? (TFT;H*«I&) i:*»J***tTt^ 

^fc<7*- hSUfiSBiftte 5:^- VXWi&m.®m LSI® 

fc, *?«fc«*IBM3tt:;tf7*»R 1 ±(ciag$ixfcy 
-^H^mffiffi^ 7 5r?> LT«f B IEW)ffl L S I W^ffi 

so ^yggl4?Kf B IE«)ffl L S I K7^/<^77l«l<0± 
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5 

icW&to&Xm-t&f-y 7**79 x (COG) 947 

\cmi&£*iZ>*>r>X'hz>fr, m<o947x-h^xh> ® 

14, MxJi^-hfigt (1 cmft©««) #0. 20 
Ta {9 . Ti t^fl&H&kJSS:^ 

W^flJ^ ( I TO : Indium Tin Oxide ; iSMfc-f l/WJ* 
[0 0 13] *ft**»e«ro«atiia-C©**fc*SV^-C 

\zife&m-7v--7mMzmMtsitz> n t «4trr^ n, \, 
«-**flr*saiis 2 (c#ii©$i*fflga« s a «r«#i6i 

KT&m-Ztth^. G, B ©ttfft«#B« 3 * 

ft^ftfc:*jI©tfcSfflga88 8 b £ 3 *«t*|6](c^j6ig; U 

«-*Sff ^SSiH 2 t*fi{a-^BB^fflC0^*fflia^8 a t 
£ 5^ V^-V 9 a Zfr L.Xffltfc U jfe^fS *ifflj|ffl 

*5fc»©lft3Sffl««4lll^- 10a Sr?gj*i-<5— R, 
G, BO#^ffi#iffl»3i:8M(lfir-§-E»fllOtftaEfflE 

^ga*IJBcDtfcj6fflgSi» 8 b ©Sgg&K&gffl^ffiSSi^ i o 
bSrJgfigLXfcS. 11a, 1 1 b »4#{3 #13*6 2 , 3 
t7-f>^-y9a, 9 b irWg^SPXfcS. 94* 
;<9->-9 a, 9 bttSgIK±©fiJi&tfct5fcft 
(£HXtttt4 il^t&Sfc: I TOXJ&jfcLXfcS, EISfligE 
$8a, 8 b. 94*'*9 — *9 a, 9bj3«ttftfeSffl 

ioa, i o b tt, j&g&fl?, 7* h y y ^7 

[0 0 1 4] *HJiW^ffi(47-l'^^->9 a, 9 b 

K-ioT^-r-Sc 1211 (a) f±jfefi{g-§-ia#M<Dtl 
SfflBB«8 a i7^^-^9 a t©gBS£gf51 1 a© 

^ja<b«j*sr^L, nil (b) {Wkmt^mi&m<D$(& 
fflsa«8 bty^^-^g bb<Dfewmi 1 b©jg 

■C, &£fflgBiB&8 a tro^SPl 1 a 
\Ct>1t^X94*'<9 — *9 aW— SPSrijiffllSgP^9 ax 
i/iU ^PPX'^-fJ: 5tC»g&-*-5*B»a&#9 a X , 9 

ai <Dmmmm*mtfx^z. Rttfir-g-£«MM0 

TV^ril^t, tt2E^HBM8 b iWg^SBl 1 b 
frb—fe&£1lffliZ-t>1t^X94l>'/<9 — *9 b<D— U 

9 b i 1 4 u $a?t?*i- * 5 

*SS)57>9bi , 9bi ©WSIBHISrltH'-Cif^S. * b 
3 a, 1 3 b k Lttt, #jfcB*Ig&:$>9 ai , 9b[ ©II 



&*LX<^5. 

[0015] f£#©ft»fco^x«ttP!Lfc©fcia»fc, 

liffitffiSflOa, 1 0 b{cm&m-7u--7ZiLX 

l\ ^5©*J^^tT^o Ap h o(-o^X, El 2 

(a) , (b) 'ic^TXoK. JSfiHSi«*5©^aiK: 

l^7^y^~V9a -^ISMfeff -^BEll 3 i M^fflSfi 
$8 b t£«jj£LXI^-57W<*-V9 hZZhWri 
io IsOBr^igc 13a, 13b {ciottS if— ftwRMtfc .fc 

{cfc^X, u— !f-3t*«0Wr«« 1 3 afciBoXjfeaSi" 
Sri^iio, |!fe9&LX^£;h,X^5*IB|g&#9 a 
1 S*»— feil&*> 9* X*»l!^LX-MW50»rU 
*fciHB*Sg|i^9bi *fco^TfcR«fcSMfrt-$!&*, - 
<Dk%m2K7F-f£ 1 yic, 94*s<9 — ^9 a, 9b£ 
«/&LXV>2> I TO (Indium Tin Oxide 

j»m %k*<D94 *'<9-*mimi Aurnxm^x 
t>, is-?-ytx®m*z>&ftfcM<muft9 ai , 9 b 
20 i xhz>z.kfrbmxmz>mt'pt£<. a>o, uhsi-s 

*B«*B#9 a X , 9 ai Dt]<amM$5 

»9bi , 9 b! wnmktm&uwwnmm-z? 

4l*"<9-*9 a, 9aRg<7>p B m WSfrtS 94 l"<9 
-y9 b, 9 b|$roraPBJ:9 fc^<ioti>5rt^ 

ffixfmotc94*s<9->ffif$,tti 4&m»rzto 

tSgP^- 9 a i 9ai, 9 b i , 9bi a — h 

[0 0 16] 4*5, 94*^9-^nW^Wm.r>^X 

so mmm.8 alZ.&n<D94*s<9-^9 a<D%-X\ Vk&K 
%-$mm ©tfeJEffl SEiH 8 b fcSBtt© 7 >f V/< <? - V 9 b 
ro*ttP«WW^ff^«Sr«xXJ£< iott^i^lc 
tt, %MB^WM<r>94^^9--y9 aMW 

^ v©B^PS}io^xBfS1EWT{-«< io 

xi^s <o^«Mft«-tiai»ffl ©«^fflga«i 8 b tcg^E© 9 

-1/9 a©*t±»SEMHI*S3f)ttt«:«*.TXK<4oX^ 
SWfefg#gHijSil!l© 9 -f V/^* 7 - V 9 b (CO 

40 V>X©^iW*Ma5^9 bi sr^-rstcot-rso 

[00 17] 7>f^-V9a, 9bO— g|5X 

<44 < , ^ft«Sffl=Sr*2Eft^-BEi» 2 ^a*^«-§-gBi^ 3 © 
iHitJ/h^^WIOT-f >y<9 — >k UXt>4^„ 94 
y/^-V9a, 9 b<0— &%1®mk*Z>m&\C, ±|2 
©IH6o»lB© J: 5 l-l£SfflgaSl8 a , 8 b £o^5 
»^*»feftl*B*BJ^9 ai , 9bi «t5rilcftx 
X, ^Sfflga>lg8 a, 8 bd»fe|*hfc»#fc:tt*aM*& 
MLtfc «BMA^9 a i , 9bi%94 

ls/<9-^9a, 9 b (O^^tD^KWt^fhZk^ 
so x.X, 7^y^-y9a, 9 b<D— mm<OM$:1&±lZ- 
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(5) 



[0 0 181 ifc, 7^W<^-y9a, 9b<DftffiiZ. 
[0 0 19] 

-rs r. b t mmuftvm&mMZfcK-tz 

[0 2] H*©^ffl»c:A»*»t>S«***|glltMftaE» 
[03] *^^{c^^5*lS^«ii:tS5l5WS^i: 
[04] a^atti^^SM^iStoTi'r 



[0 5] fle*©fiWfcd»j6»fc5«ft***lt^**il* 



6- 



[^F-8-roSiW] 
l 

8 a M&m%-mmm<Dm&mmm 

9 a M&m^m&wvyj 

9 b R*{feffi-!HaiKMH0 9 W J"< 9 - V 

i o b mmt mmm<D^mm,m^ 

1 3 a **ffHHBi^©?-f 1^*-^©WWW< 

1 3 b &mBmmm<D7j^'<9->'<Dtywm® 

14 



9 a i 



9 bx 



1] 



(a) 



ttsmKtt 8 a 



t I a 




9b 



(6) 



Ca) 



1 I a^ 
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(7) 



[04] 




[05] 



(a) (b) 




